weight, 49.7% had only self-reported, and 2.8% had only measured. Compared to white women, black women and women of other races/ethnicities were less likely to have self-reported weight, and black, Asian, and Hispanic women, and women of other races/ethnicities were less likely to have measured weights. For 85%, pre-pregnancy BMI categorized by self-reported and measured weights were concordant. Primiparas and multiparas were more likely to underreport their weight compared to nulliparas (b = −1.32 lbs, 95% CI −2.24 to −0.41 lbs and b = −2.74 lbs, 95% CI −3.82 to −1.67 lbs, respectively). Discussion Utilization of self-reported or measured pre-pregnancy weight for pre-pregnancy BMI classification results in identical categorization for the majority of women. Providers may wish to account for underreporting for patients with a Abstract Objectives To examine clinical and demographic characteristics associated with availability of selfreported and measured pre-pregnancy weight, differences in these parameters, and characteristics associated with self-report accuracy. Methods Retrospective cohort of 7483 women who delivered at a large academic medical center between 2011 and 2014. Measured pre-pregnancy weights recorded within a year of conception and self-reported pre-pregnancy weights reported anytime during pregnancy were abstracted from electronic medical records. Difference in weights was calculated as self-reported minus measured pre-pregnancy weight. Logistic and linear regression models estimated associations between demographic and clinical characteristics, and presence of self-reported and measured weights, and weight differences. Results 42.2% of women had both self-reported and measured pre-pregnancy BMI close to category cutoff by recommending a range of gestational weight gain that falls within recommendations for both categories where feasible.
Introduction
Gestational weight gain (GWG) is recognized as an important determinant of future health for women and their children (Siega-Riz et al. 2009; Viswanathan et al. 2008; Kabiru and Raynor 2004; Kaar et al. 2014) . Recommendations for GWG published by the Institute of Medicine (IOM) are specific to pre-pregnancy body mass index (BMI): the IOM recommends that underweight women gain 28-40 pounds, normal weight women gain 25-35 pounds, overweight women gain 15-25 pounds, and obese women gain 11-20 pounds (Institute of Medicine 2009). The accuracy of provider weight gain counseling depends on the pre-pregnancy weight used to calculate women's pre-pregnancy BMI. As upwards of half of pregnancies in the United States are unplanned (Finer and Zolna 2014) , and many women with planned pregnancies lacking preconception care (Waring et al. 2015) , measured pre-pregnancy weight is unavailable for many women. When measured pre-pregnancy weight is unavailable, self-reported pre-pregnancy weight is used to calculate pre-pregnancy BMI and to provide GWG recommendations.
A recent study comparing self-reported pre-pregnancy weight to measured pre-pregnancy weight among 170 women found that self-reported and measured pre-pregnancy weights were highly correlated (r = 0.99) and the mean underreporting of 1 pound did not differ by race/ethnicity, gestational age at study enrollment, or the weight itself (Oken et al. 2007 ). However, this study included only women with a measured weight recorded within 3 months of her last menstrual period. The current study adds to this research by including measured weights up to 1 year prior to conception, thus resulting in a sample more representative of our clinical population given high rates of unplanned pregnancies and receipt of pre-conception care (Finer and Zolna 2014; Waring et al. 2015) . The current study also examines the availability of measured pre-pregnancy weight and the accuracy of selfreported pre-pregnancy weight in relation to a wider array of participant characteristics. Examining which clinical and sociodemographic characteristics are associated with availability of measured pre-pregnancy weight may illuminate whether there appear to be systematic differences in which patients present for pre-conception care or those for whom providers are measuring weight prior to conception, which can inform initiatives to standardize care and/or to augment efforts where disparities exist.
This study had three aims. First, we examined demographic and clinical characteristics associated with the availability of self-reported and measured pre-pregnancy weight in prenatal care records. Second, we examined differences between self-reported pre-pregnancy weight and measured pre-pregnancy weight, and the impact of these differences on categorization of pre-pregnancy BMI. Third, we examined demographic and clinical characteristics associated with the accuracy of self-reported pre-pregnancy weight compared to measured pre-pregnancy weight.
Methods
We conducted a retrospective cohort study of 7483 pregnant women who delivered at the UMass Memorial Health Care (UMMHC) inpatient maternity center. Deliveries were by faculty members of the University of Massachusetts Medical School (UMMS) or a UMMHC Community Medical Group partner in 2011-2014. Eligible women had an estimated date of confinement available in their inpatient electronic delivery record, and received prenatal care in the faculty, resident, or community partner practice of UMMHC so that outpatient prenatal records were available for review. For women with multiple deliveries during the study period, one pregnancy was randomly selected for inclusion in the analytic sample. The UMMS Institutional Review Board approved this study.
We included measured pre-pregnancy weights identified as a vital sign documented in the appropriate section of the ambulatory electronic medical record and occurring within 1 3 365 days of the calculated date of conception (calculated by subtracting the equivalent of 38 weeks, or 266 days, from the estimated date of confinement). Self-reported weights were documented in the appropriate fields of the obstetric electronic medical record and collected during pregnancy, including at the prenatal intake, at prenatal visits, triage visits, or at delivery admission. Using selfreported height recorded in delivery records, we calculated BMI (kg/m 2 ) from both measured and self-reported pre-pregnancy weight, as available. If height was not available in the inpatient chart, we used height recorded within 365 days of conception. Pre-pregnancy BMI was categorized as underweight (BMI < 18.5 kg/m 2 ), normal weight (18.5 ≤ BMI < 25 kg/m 2 ), overweight (25 ≤ BMI < 30 kg/ m 2 ), or obese (BMI ≥ 30 kg/m 2 ) in accordance with the Institute of Medicine's GWG guidelines (Institute of Medicine 2009). For women with both measured and selfreported pre-pregnancy weights available, the difference between these weights was calculated as self-reported minus measured pre-pregnancy weight. Demographic data abstracted from inpatient and outpatient electronic medical records included age, race, marital status, primary language, gravidity, parity, and plurality of gestation.
Statistical Analysis
Patient characteristics in relation to availability of selfreported and measured pre-pregnancy weight were described using mean and standard deviation for continuous variables and frequency and percent for categorical variables. Continuous covariates were checked for linearity with Lowess curves. Logistic regression models estimated odds ratios (ORs) and 95% confidence intervals (95% CIs) for availability of self-reported and measured pre-pregnancy weight in relation to participant characteristics. For these analyses, unavailability of measured or self-reported weight, respectively, served as the reference group. Differences between self-reported and measured pre-pregnancy weight in pounds in relation to participant characteristics were described using means and standard deviation. Linear regression models estimated average differences and 95% CIs between self-reported and measured pre-pregnancy weight in relation to participant characteristics. Finally, we compared concordance of self-reported and measured BMI categorization by characteristics using logistic regression models. Women were categorized as concordant (prepregnancy BMI categorized identically for self-reported and measured pre-pregnancy weight) versus not concordant (self-reported and measured pre-pregnancy weight indicated different BMI category). For all regression models, reference groups for participant characteristics are noted in the Tables. Variables that were associated with the outcome at p < 0.10 were included in adjusted regression models.
While both gravidity and parity were associated with availability of pre-pregnancy weight in unadjusted models, only parity was included in adjusted models because of co-linearity. All analyses were conducted using Stata/MP 13.1 (StataCorp, College Station, TX).
Results
Of the 15,700 deliveries in 2011-2014, we excluded 7398 because the women did not receive care from a UMMS faculty attending or a UMMHC community partner. Of the remaining 8302 deliveries, we randomly selected one eligible delivery per woman (N = 819 deliveries excluded), resulting in an analytic sample of 7483 women. Women were, on average, 30.1 years of age (SD 5.9 years). The majority were non-Hispanic white (59.8%), married (57.7%), and spoke English as their primary language (81.8%). Forty-one percent (40.9%) were nulliparous. Nine in ten women (91.9%) had a self-reported pre-pregnancy weight present in their chart. According to these selfreported weights, 3.3% were underweight, 46.7% were of normal weight, 26.4% were overweight, and 23.7% were obese. Forty-five percent (45.0%) had a measured pre-pregnancy weight available in their chart. Using this measured weight, 2.4% were underweight, 43.4% were of normal weight, 27.7% were overweight, and 26.4% were obese. Half (49.7%) had only self-reported weight, 42.2% had both measured and self-reported pre-pregnancy weight, 2.8% had only measured weight, and 5.3% had neither available. Demographic characteristics of the sample in relation to availability of measured and self-reported pre-pregnancy weight are shown in Table 1 .
Black women and women of other races/ethnicities were less likely to have self-reported pre-pregnancy weight available compared to white women (OR 0.73; 95% CI 0.55-0.98 and OR 0.71; 95% CI 0.51-1.00, respectively; Table 2 ). Primary languages other than English and parity ≥1 were associated with lower odds of having self-reported weight available (OR 0.60; 95% CI 0.40-0.88 for Spanish, OR 0.40; 95% CI 0.30-0.53 for other languages and OR 0.76; 95% CI 0.62-0.93 for primiparous women and OR 0.77; 95% CI 0.61-0.98 for multiparous women; Table 2 ).
Black, Asian, and Hispanic women, and women of other race/ethnicity were less likely to have measured pre-pregnancy weights in their charts compared to white women (OR 0.83; 95% CI 0.70-0.98; OR 0.63; 95% CI 0.50-0.79; OR 0.84; 95% CI 0.71-1.00; OR 0.73; 95% CI 0.59-0.90, respectively, Table 2 ). Single women and women who were divorced, separated, or widowed were less likely to have a measured weight available compared to married women (OR 0.73; 95% CI 0.65-0.82 and OR 0.59; 95% CI 0.43-0.82, respectively). A primary language other than English was associated with lower odds of having a measured pre-pregnancy weight available (OR 0.67; 95% CI 0.53-0.84 for Spanish and OR 0.58; 95% CI 0.48-0.71 for other languages). Older age was also associated with greater odds of availability of measured pre-pregnancy weight (Table 2) .
Of the 42.2% of women with both self-reported and measured pre-pregnancy weight available, self-reported weight averaged 2.2 pounds less than measured weight (SD 11.5 lbs; range −104 lbs to +100 lbs). Women who were normal weight based on their measured pre-pregnancy weight underreported their weight by 0.44 pounds (SD 7.77 lbs). Women who were underweight over-reported their weight by 6.90 pounds (SD 20.44 lbs). Women who were overweight and obese per their measured pre-pregnancy weights underreported their weight by 2.87 pounds (SD 10.32 lbs) and 5.13 pounds (SD 15.21 lbs), respectively. Eight percent (8.0%) of women had no difference between the two weights, 48.8% had a ≤ 5 lb difference between the self-reported and measured weights, 23.3% had a > 5 but ≤ 10 lb difference, and 19.9% had a difference greater than 10 lbs (Fig. 1) .
Compared to nulliparous women, primiparous and multiparous women underreported their pre-pregnancy weights Table 3 ). Compared to white women, black women underreported their pre-pregnancy weights by an average of 1.94 lbs (b = −1.94, 95% CI −3.36 to −0.51). On average, women whose measured weight was recorded between 39 to 52 weeks prior to conception underreported their pre-pregnancy weight compared to women with measured weights within 12 weeks of conception (b = −1.68 pounds, 95% CI −3.07 to −0.29 lbs). Self-reported and measured pre-pregnancy weights were highly correlated (r = 0.96; p < 0.001). For 84.7% of women, pre-pregnancy BMI categorized per self-reported weight was the same as BMI categorized per measured weight. 92.1% of women categorized as having normal weight using measured pre-pregnancy weight were categorized as normal weight using their self-reported prepregnancy weight. Concordance of pre-pregnancy BMI using self-reported versus measured weight was 69.6%, 75.5%, and 83.5% for women who were underweight, overweight, and obese per measured pre-pregnancy weight, respectively. Nulliparity and older age were associated with greater odds of concordant BMI categorization (Table 4) .
Discussion
Forty-five percent of women had a pre-pregnancy weight measured within a year of conception available in their medical record and 42% had both measured and selfreported weight available. Among women with both measured and self-reported pre-pregnancy weight available, 85% had the same BMI categorization using the two weights, which generally supports prenatal care providers using self-reported pre-pregnancy weight to provide prepregnancy BMI-specific GWG counseling. However, with parous, obese, and/or black women, categorization of prepregnancy BMI based on self-reported versus measured pre-pregnancy weight may be discordant. We found that 8% of obstetric records lacked selfreported pre-pregnancy weight. Self-reported pre-pregnancy weight can be available throughout pregnancysimply by asking the patient. "How much did you weigh before you became pregnant?" is an easy question to ask patients, and it can have intergenerational health outcomes through resulting GWG recommendations. It may be that providers are less likely to ask underweight or obese women to self-report pre-pregnancy weight, as these weight statuses are theoretically easier to visually identify. We previously found that 44% of resident prenatal care providers reported using "clinical impression based on patient appearance" to assess weight status at initial prenatal visits (Moore ). This may be secondary to the finding that discussing maternal obesity is viewed as a challege for health care professionals (Smith et al. 2012) . With the majority of reproductive age women classified as overweight or obese (Ogden et al. 2014 ), providers should use caution when visually assessing for BMI category as they may have become desensitized to visual differences in weight status due to increased prevalence of overweight and obesity (Burke et al. 2010 ). This study included high-risk women and women who were late transfers of care for delivery, and it is possible that women with complicated pregnancies or those who initiate prenatal care late in pregnancy are less likely to be asked their pre-pregnancy weight as weight gain counseling and adherence to guidelines is less of a priority compared to other clinical needs. Asking all women for their pre-pregnancy weight is the first step in ensuring that women receive appropriate GWG counseling.
Less than half of women had a measured weight within a year of conception documented in her medical record. White women and women whose primary language is English were most likely to have a measured pre-pregnancy weight available. Understanding the clinical and sociodemographic characteristics associated with availability may indicate systematic differences in accessing pre-conception care. These findings may help to inform initiatives aimed at standardizing clinical care to ensure all women have a pre-pregnancy weight available for GWG counseling and to eliminate care disparities.
Unavailability of measured pre-pregnancy weight may be due to the woman not being seen by providers who utilize the electronic medical record within 12 months of conception or because weight was not measured at a medical encounter. Upwards of 50% of pregnancies in the United States are reported as unplanned (Finer and Zolna 2014) , most women with planned pregnancies do not report preconception care (Waring et al. 2015) , and even among overweight or obese women reporting pre-conception care, only a minority report pre-conception weight counseling (Waring et al. 2015) . Thus, it is not surprising that measured prepregnancy weight is unavailable for many women. Health care providers caring for women of childbearing age should encourage women to seek preconception care, including counseling and assistance in achieving or maintaining a healthy weight before conceiving, as recommended by the American College of Obstetricians and Gynecologists (ACOG 2013) and the Institute of Medicine (IOM 2009). As lack of available measured pre-pregnancy weight may also be due to lack of measurement or recording of weight at a medical visit, our results also support increased diligence in measuring weight at annual exams, preconception counseling visits, and other OB/GYN visits.
We found several participant characteristics to be associated with the accuracy of self-reported pre-pregnancy weight. Primiparous and multiparous women were more likely to underreport their pre-pregnancy weight compared to nulliparous women. Parous women may have retained weight over previous pregnancies and may perceive themselves as weighing their previous weights. Our findings confirm and extend previous literature around the validity of a self-reported pre-pregnancy weight (Yu and Nagey 1992) by using a more contemporary (2011-2014 vs. 1986-1988) and larger sample (3159 vs. 1591), and including women who initiated prenatal care at any time during pregnancy, not just during the first trimester which better reflects the clinical scenarios with which providers are faced. Although overall there was a high agreement in categorization of pre-pregnancy BMI using self-report versus measured weights, women categorized as overweight or obese per measured weight underreported their weight by an average of 2.87 and 5.13 lbs, respectively. This underreporting has implications for the GWG calculated at prenatal visits. If an obese woman underreports her pre-pregnancy weight by 5 pounds, the estimated GWG at each prenatal visit will be higher than the true gain. As such, the provider may advise the woman to limit her weight gain when in actuality the gain may be appropriate for her true prepregnancy weight. The impact of an underreported prepregnancy weight on GWG merits further investigation.
On average, women whose measured weight was documented 39-52 weeks before conception underreported their pre-pregnancy weight compared with women who had measured weights documented within 12 weeks of conception. This difference may be explained by intentional weight loss between the measured weight and conception, which may be more likely over longer time durations. Providers may want to consider categorizing pre-pregnancy BMI using pre-pregnancy weight measured distal to conception, self-reported weight at initiation of prenatal care, and weight measured in the first trimester. If any of the three weights are categorized as obese, the patient may be best served by counseling with a smaller range of gain (15-20 pounds) that accounts for the overlapping upper range for obese BMIs and lower range of overweight BMIs, allowing for adequate gain regardless of category and avoidance of either inadequate 27 (0.95-1.70) or excessive gain, both of which are associated with poor obstetric outcomes (Institute of Medicine 2009). For women with high variation between these three weights, we suggest using weight measured in the first trimester weight, as previous research observed differences of 3.5-4 lbs between self-reported pre-pregnancy weight and weight measured in the first trimester (Holland et al. 2013; Shin et al. 2014) . We found that black women were less likely to have measured and self-reported pre-pregnancy weight. Further, we found that black women with both weights available underestimated their pre-pregnancy weight by an average of 4.2 lbs, nearly 2 lbs more than white women. Availability of an accurate pre-pregnancy weight for appropriate GWG counseling is particularly important for black women, as they are already at increased risk for poor obstetric outcomes including preterm birth (Kistka et al. 2007 ) and low birth weight (Martin et al. 2015) . Black women classified as normal weight and underweight are also at increased risk of inadequate GWG compared to white women (Headen et al. 2015) . While providers should be asking all women their pre-pregnancy weight, this aspect of prenatal counseling may be particularly important for black women as a controllable and modifiable risk factor for pregnancy outcomes.
Accurate GWG counseling depends on the availability of pre-pregnancy weight and, as a result, attention has recently been given to exploring technological capabilities that can improve the collection rate of self-reported prepregnancy weight (Oken et al. 2013; Lindberg and Anderson 2014) . It may be possible to create similar alerts for capturing measured weights at routine medical visits for all women of childbearing potential to increase the proportion of pregnant women with documented measured prepregnant weight. This approach could be the topic of future investigations.
Strengths of this study include a large and diverse sample that included women who sought prenatal care in a variety of practice settings during all trimesters of pregnancy. Limitations include lack of socioeconomic data, including education and income, which may be associated with accuracy of reporting of pre-pregnancy weight (Huber 2006) and with availability of measured prepregnancy weight. This study also lacked data regarding pregnancy intentionality, the use of assisted reproductive technologies, and when during pregnancy women initiated prenatal care. Women struggling with infertility may have more outpatient visits prior to conception to utilize assisted reproductive technologies, which may lead to a greater likelihood of having a measured weight documented. Conversely, women with unplanned pregnancies may be less likely to seek pre-conception care, which may explain our finding that unmarried women and black women are less likely to have a measured pre-pregnancy weight available (Finer and Zolna 2014) .
We did not have information about the date on which self-reported weight was recorded. It is also possible that a self-reported weight may be more accurate than a measured weight. This scenario is likely in the instance of a weight loss/gain in the time between the collection of a measured weight and the recording of a self-reported weight. We calculated pre-pregnancy BMI from selfreported height recorded in women's delivery medical records. While self-reported height may be less accurate than measured height (Merrill and Richardson 2009) , adult women's heights are not expected to change meaningfully during gestation, and height can be readily measured in the prenatal care setting. Thus, while biases in self-reported height could also influence calculation of pre-pregnancy BMI, we focus the current investigation on pre-pregnancy weight as measured pre-pregnancy weight is often not available to prenatal care providers. Our data included only measured pre-pregnancy weight was only available from pre-conception encounters at a UMMHC affiliate clinic or hospital. Women without measured weight available may have received care at a non-affiliated clinic or practice during this time period. We were able to compare categorization of pre-pregnancy BMI based on self-reported and measured pre-pregnancy weight only for women with both weights available; it is unknown whether differences exist among women without available measured pre-pregnancy weight.
For the majority of women, using self-reported prepregnancy weight will result in identical classification of pre-pregnancy BMI as measured pre-pregnancy weight. Thus, providers should feel confident in using self-reported pre-pregnancy weight to provide pre-pregnancy BMI-specific GWG counseling if measured weight is unavailable. Our findings also suggest that certain women, such as multiparous women, may be more likely to underreport their pre-pregnancy weight, and thus providers may want to adjust GWG counseling for patients whose pre-pregnancy BMI is close to category cutoffs by recommending they gain within the smaller range of weight gain. For example, for a woman whose pre-pregnancy BMI is 29.9 kg/m 2 per self-reported weight, providers may wish to recommend she gain 15-20 lbs, as this is appropriate for overweight (15-25 lbs) and obese (11-20 lbs) women and accounts for underreporting of pre-pregnancy weight. Asking all pregnant women to self-report their pre-pregnancy weight is a public health initiative that may be easily implemented with implications for the health of women and their children.
